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1<1’.s[11 ,’1’s

llIIII(llI;ttIsL’11  (I?93), iII a 11. CUIII  oulslol](lit]~l,  jJnlIcI, lIas cx:~]lliIl(’d  ovcI 1300” co]otIdl” II12SS

(.il.c(iolts I’1 {)111  II I(’. SOI; II h4:~xilIl~llll  hlissio]i  uotoi]:l{’,Iil  llll/])ol:~iil  ]lc(c.l il]l:l{’,cs  of IIIr. sOI:II ~()]t)]lil.

‘1’JIc (l:I[:i S]):IIIS ]~~xo :11](1  ]~)sd [lII{)IIjI,lI ]os$). J l(III(IIIIILISC.11  (199:3) l“III(iS [Il;l[  (1]1.  (’hll~,s’ l;l[i[ll(l~,

(Iis(iil)u[ioll  i s  clulIIlxxl :tl)()(l[  lIIC 11(.liol]l:l~),tlc[ic  (’qua[OI, I; II II(’I [11:111  :IIOUII(I II IL: tlclio~’,lal)l)ic

Cqll:l[ol  . ‘1’IIC. (’hll~ l:llillldl”  (Iisli il)llliol]  i s  Il]cl(-.l’ol(”  (iiffr]l’.ll(  1’1{)111 Iilill  01” S1111S])01S, ;l(’[i\7(:

]c’{’,io]ls  illl(i/01 11(1 fi:il L’s. 111’  lltl(iS til:ll lilC il\’L’lil~’,C illl~’,lllill wi(itil of ;I (’hll~  iS 4 - / ”  wili) :1

111(..(li:lli  valllr  of 44”.

l)l’lll;l])S [IIC. 1110S1 CllCotlli  !j’,il )/l, 1(’S(lil  [ilill ll\lll(illi!tlSCll (1 ?93) nil S (iis(”()\’1’11..(i 1 “ 0 1  S[()]  1 1 1

])]l..(iic(i~l)  ili(y is IiI~II  tiIrI 1’. :111’. of[~:tl \~isil)lu  sij’,l]als 1)11..cc(ii]lj’,  tl]c 1{.lr:Isc of C’h41:.s.  11]’,1111:  1 is a

sylloljlic  IIlill) of {i)(’. C~l\[  lillli)  (Ioj)) illl(~ \\’C’St  li]lli)  (i)oltoIll)” 01 lil~ (’olollil”  ilt il (ii Sl:lll CC.  of” ‘21<s

110111 Iilc Cc.1lt(’1 of’ tllr. Sun. ‘1’itllc i]lclt.aw.s  10 liIc lcfl. ‘1’lIr hI ij’,111  ](..j’,iolls  cOI ILO.slmI(i 10 coIo II:Il”

IIcllllcl  Sll(’ilIlll~iS,  CloSr.(i ]Il;i{’,t]clic j’]cl(i ]c’j),iolls, CloSL~l’j  collc’sj)()]l(iitl~l, to  lIIC lllilf,llCtiC C(J(12101.

AIs() itl(li~ittc.(1  ill IIIC. lij’,1111..  it](’  loc[l(io]l”  ((ioI\) \I,FIIC.I IL. IiIC. (’h41: U\ICIIIS lI:IV1..  t:~kc.11 ]]lil~l:. ‘l”IIc.

~’hli~ ill}j’,(li(ll  wri(itils :11(.. ill(li(il[~(i  1)~ vc’v(ic:!l  t);IIs. J!JII:I(  is (Illi(c stlikil]~),  ill tiIc. li[l,~lll’.  is tlI:Il

011{”  C: Ill lIOIC tilill (“01011:11”  lll[l\S  l.:jucliotls  Iy]li Cillly  COIIIC.  fl{)lll lilC. lIC.III  ICI Sllc’.illll~.l  t)Cll illl(i I! ICIC’.

is of Ic.11 il ])11.cr.(ii]l[},  l)]i~:,ll[r]li]li’,  :III(i t)loil(i~.l]i[)~’.  of [IIC lo~ill s[~ili]l~l  l)cI[ ]J]iol I() (;h(ll~ ItLICLISC..

Af’ICI tiIc. ](.l~i[\~,  IiIC I()[;I1 sIIL.:1111(:1  l)c.1( itt IIIC. (~h41; ](.i~il\~.  si(c (ii]lls  s[]i)s[illl(iiiil~.

Sll(’11 :1 visit)lc. j)] CClll Sol, ill(iic:!li\’r.  of {III  ill]j)cll(iitlj’,  11’1(’.ilfC. of Colotlill”  111:1SS, j’,ivus lloj)C llli!l \\’C

Cilll C. VCl]lll:lil~  ])1(..(iic[ [I,r.olll:l[).l]c[i(- S[01111S  (iil~S 0 1  C\’~11 \VCCkS  I) C.[OIL’. I n c .  Cololl:ll”  111;1SS  i s

ilC[ll[lli~  cjc.c[c.(i. ‘I’lliS il(i\rilllCC(i  \\’illllill/l,  is ii] il(l(iilioll t o  lilC 1.3 (iil~ l) Iol):l[l,illioll”  li]llc. fol IIIC

iIl(~’.]  l)l:lllc.l:ll  ~’(iisl~]]  t]:ltlu(> [() 1(’;1(’11  IllC. l;ill  (il.

‘J’IIIs.1(’  iilt..,  lI()\\’(..\~cI,  1)11’sL.1111~  litlli(il[io]ls  1 0 0 1 1 1  kII()\\Il(.(i~I,c  ili)oii[  \\’l  ICII (’h4t.s\\’ili  1~~.]~..l~i~s~(i.

(1111~  ill)ollt lI:~lf of tlIr (Ih4t:k IIS(’(i ill ilIc.  Sh4hl  SILI(l~  sII()\\~c.(i  iilis ])]iol l)]i~,iltc.]]i]lp,  il]i(i

i)loil(iVllill\’,  (llllll(lllil(lSCll, l(~(~:+). ‘1’1](’.11’ is also lloolI\’iollS(’o  lol]ill  f(’;ll(llt’ tilill ])1 L’.Sl’llli~(’:[ll i)C

IISC’.(I to ])]~’(licl IIIC. vc.]oci[y 01’ IIIc. t’h41L \\~u.li  a\\I:Iy fIOIII tlIc Stl II (\J~lIc(l  IrI it \\’ill  I)c f:I\[ c.11011~,11

loJII()[i(lCC.il SlloCk \$’il\’(!ol  110[), 1101 is lil~l(’il  ll~oll\’iollSColo  ll:ll  1~.~111111’ol fk.il(lll C’Slll~tl Cilll I)C

llS\’.(i [() j)l(”.(ii(’l CXil(”ll~ \\’ll CIl 1(’1(’.il$~  \\’iii  OCCIII  (1111 Il(ill:lll S(’.l], ]) CISOIlill  Collllll., 1(~9:3).  ‘I’llC.SC. i!ll’

so IIIc. ofli Ic. ol)violls” ciI; Ilic II\ I,l’s fol liIc sol:II i)ilysicis(s  1’01 ~iIc lIcxl  I’(’.u’ yl::lls.
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(:llorcl  al. (199?). ‘J’IIc.  f:!~~~st  t~hll~s  wi[ll  ii.~s[)~ii!l~(!  fo]~t~:ll(l  sIIOCkS iIIc: IIIC C\tCIIIS tl]:it  [iIL.

II IOSI l ikely 10 CilllSC. illtc.llsc  ~,colll:l~’,Ilc[ic  ilUli Vi[y, so Il]is c:Isc is illtlsll;ltcd  lIcl LS.. I1lIIIIC.I

(liscussio]]  of <~h41;,s ill Ibis  ]):il)c.I wi l l  c-OIICC.111  OIIly  tlIc. l’i(\t c.\’cIIts. ‘I’llclc’:  llc:l~k’ol(  ..~,iot]sill”  tlIc

vicinity  of a (?h41{\\’llrl(’.tllclc~  all’  i[ltc.]lsc!  Ills{’,tlctic fl(’ids, it] tlIr SIICAIII  1~./’,ioIisl~llill(l(l  (SUIIVJ;II(I

of) IIK slwk, [III(I ill tlIc (liivcI r,as (( ’h41(,) ]H()]wI. ‘1’lK’fllst  1(’~io]l ll:t\itl[r]lsc]l  l:l[’,]lr.tic firl(ls

duc 10 Il)c. slI(wk colIlj]lcxsio]l” of IIIV sl(w, 11]) S[11”.:1111 Solill wit](l. ‘1’111. at]lou]ll  of coIIIJ)]~..ssioll

(lr.])cIIds  011 tlIC SIIOCk  h~il~ll  ]]lt]ilt)r.1  (wllicll  it) tLII II (Iv.l)u. II(Is 011 tlIc. ](’li!tiv~  \rclocj(ic.s  Of tll~ IW(I

SII1’VIIIIS :111(1 tll(! IOC:ll ]Il:lj),]ll:loso]]ic” \\’ii\)C. JIII:IS(! SIWC(I). ‘1’IIC flCl(l v’iltlill  lIIC (hi Vc.1 [’,il S is

ollt\\’[11(11~  COIIV(X’tC(l ])lil Slllil flolll lll~. Solill SOIIICC  tt’[’,iot]. ‘l”lIc.  (lti\’($l  gyI$ is a lo\v t)c.l:i I (:[:iotl  ([~

: 0.1, (:}IOC cl :11., 1992).  Valiolls IIIC:IIIS of i(ic.tilifyit}~’, IIIU (Ilivc.] ~,i~S  lli\\’C I)CCII  :ll)l)lir(l:

scllsillf,  I)idilwtiotl:ll  CICCII()]I [111(1  ])]0101]”  S(l C’illIIS ((ioslil]~’  Ct ill., 198”/)  (Ic.lrctil]f’,  IIif,ll  I)(1(  low

Villi[lllCC lllilj’llCli U flC.l(l S (1’u(lovki]l  [11](1 (’tl(’I~ko\” Cl ill., l(Y/6;7.wickl  c1 ill.,  1(~-/-/ ;st]lilt:tllicl[  c.[
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I lr l-icll  tl:{’,ioli, so Il)is co] IL’.sjIolI(lc:IIcl’. flls quik:  iliccly.  1( olIL” ado~)[s  [his scc’lIal  io, llIcII  tlIclL:

SII()(]I(I alw’ays I)C J)]a\l  Iltl oulsidr  of Ilic IIij’,11 llcl(l w.y,ioIl ((11(’.1(’  :Ilc’  ill W’ilyS  t)t ip,ht  ]()()ps),  and

J(:St’ill  CllCl”S Sllotlld  tlll~l”(’.folc’.  look”  Calc’flllly  [() collfi]lll  01 dclIy (Ilis imssit)i]ily. l;il Ially, wlI;  Il ( l o

llK filaillc.]lt  Col’lc Xl)ot](lS” 10 ill ililrl I)lilllt’[fll’y SIMCC? ltI [I]is l)iduI1’  tllv filall]c]lts have yet to k’

i(lctitificd. If Illis scctIaI  io is coI IL:U1,  [lIcsc f]lal[lu]ts  slIould IN: localcd sLItIwal d of [IIc. l]ifJl  field,

low [t It:p,ioils.

If w’. alc al)lc to ])]~.xlict  tlIc occuI IL! IICC. of a I]i/:11 llcl(l Ii.~iol]  l]rojmgalin~, towaI(k  tlIr li.arll)’s

]Il:lp,l]c[osl)tlc[c, this is only l)a Ii of IIIC ])1~’.dirtal)ilily l)tot)lctl). Wc. also IIcc.d to ])lcdict tlw

dil-~xViotl  of tlm itltt~lj)lfillcl:il~~  l[iaj!,lwtic fir.] (1. 1[ lIIus[ Ir sul)sUIT]lially soutlIwald  fm l[ia~,tlctic

IC.cotlncctio]l  alI(i it]tc]lsr. so]al  wi]ld c.l Iclj I,y Ilal]sfc]  10 tlIc. lII;I~,IIr.[os~)lIc]LI  10 occut. 1  lorkscIIIa

itll(l 2JI:I() (1 W?) :111(1 7JI:1O Cl [Il. ( 1 993) ll:t\~C. USC. (I :1 jmlc.lltial field II] O(IC.1 of tl]r. C()] 011:1 10

C.sti]llatc  tlIr dil(x-.tioI]  o f  tllr. coIoIIal fic.ld al (1.03 1<s almw tl]c. solar aclivc w.f,ion (oI

J)]o]llillc]lcc.)  site. ‘llw.y fii](l tlIat [lIc.y p] ~.diet lhc wmxl olic.lltatio]l  of tlIC iiltelj)lallct:ilj~

I[laf,]lclic ficl(i (I]”ivcr p,as (Imcd  01) lhc. assullkj)tio]i  lllat Ilm ().()3 1<s fir{lds alc silllj)ly colIvc(W(l

ou[waId) “/ OU[ of 8 tit]icx  fo] ac[iw ]c~,io]ls  (ARs), bul O otI( of 1 titncs f(w ])]-oll-li]]c.I]cc,s.

Al[houg,lI  tlIC cOII’LTsj)OI~(lCI~CC”  is hi~,]l f(n ac.tiw: ]cgiot]s, tlm statistics arc still ]KK)I. A similar

Cflol 1 will  Iw uatrird 0111 ill llIC. ]Iml fulul~:  usillp, a g,lc!atct lIIIIIIIJCI of cvctIls.

Wc also slill IIccd [0 hc ahlr 10 l)lcxlic[ tlIc llla~,tli[udr of 11s alId pcllIaps  CVCII IIIOrC difficult, lhc

scale. of Ilic stl uctl]rc’. (lhc lclI~[lI of ti]lic tlIal sLlcl I a field oli(’lltatioll” will tx ]Ilailllaitw(l as llIc.

solal  Wil](l  flows rms( tlIc  llla~iwtosl)hr] L’.). ‘1’k atmvc also olIly a(ldrcwcs firlds  \vilhitl tl]c dIiVCI

fyts. ‘1’hcshca[h f]ddswllich  :\tr.]cs])OI}sil)lr  fot 5(MJ o f  ll]:ijo]  (1>s”1<-  100” Ii’l’) StOIIII  ollscts

calItIot I)c])]c(lictc(ll)y [llis]lw.ails.

‘1’lIc. ScasOIIal variati(~lls foI” i]ltcl]sc lIla/l,llclic  storlIIs  Illat occurr(:(i l)ctwccll  19”/5  :11](1 1986 i s

f,ivu} iIll;i~,url~5. "l'liis  ist:ikcl]f  ]()111{  i()I]7,:llc7:t  ll(l'l'sll]ll t:l]li (199?). ‘1’lIc]wak  ouwrmlccof

S(O1l  IIS aIL’. foul)(]  n(’.ar  Ma Icl I-ApIil  at]d oc(ot)c.]-N()  \rc.111[)(:].” ‘llIcsr. two ])C] io(lS :11’(’ C1OSC. to I}lC

c.quil]oxcs  w]wcc  llm 11211tl  I’s (Iipolc.  lilt i]] (IIC y-dirrctim aw tI]axi Illa , ad also Wh(’m Inc. l::llltl

l]:ts I]l:lxilIllllll:ltl(l lllitlitlltltll  l] Cli()cCl]tlic  l:ttitll(ics. l(xl~l:iIlati()  lls()ftl]c  s[()tllls  C;ls()]l;  ll\r:lli:lti()l]s

I]:IVC. (lIUS fallc.n in(() two ratl’~,ol  its, Cquill(w[ial  al](l ilXitll llyj)otll(XC.S, 1 c:s~)cctivc]y.



l;if,ll[(:( }~il~t~ss  c)il]cl ]lccl]:lt~isllls lt)tsolllll\\~:llcl  sllc:ill]ficl(ls. ‘1’tml:  arc~ [Iltcc ill par [icul:il-  (a, d

211(1  f) tll[lt  Collld I)C co[lll)itwd  (() i:cl  il S(!:1.S011:11 (l Cl)  Clld  Cll  CL! of SllCilltl  f ie lds .  l;ifs[, if 1’01”  SOI[]C

ltwson, (IK.I-C :Irc sou(hward fir.lds ul)slil’.:itll  of lIIC sl]ock, s]iock Colll])rcssio]l w i l l  allov’ ah

it]lct]sific;llion  of llliscot]-l]~(Jtlctlt. IJir.ld liiw dral)ing  around :in ot)jc.ct  such w a CIhclli  will lead IO

sqmx’.y,iil~  of tlm plasIII:I alotI:,  the liiw.s of fo]-cc ill (lw atllisol:lr  dimcliol],  IC:lvillg  a low [3 IIif,l]

field rcg,io]] l~:tl]:li]liil[:  llcilll  llct~oscof ll]cot~jccl. ‘1’bus, if llmsl]c;i~tl ficl(ls:il-~..  sol]tllw’;lt(l,tt  lis

7,wan-Wolf  (1976) cffccl will lrnd to ful[llcl il]tcllsific:~lio]]. lhll-il]j: IImc.quii]oxcs  wlmn tlic

l;j;irtll’s  dipok  lilt is maxiinuln  in tlm y :ixis dircciion, ecliptic IIy fidds will altdin sigllificalll  1~7,

col]llw]wi][s WIICII tr:lI]sfo]lIld  [o CiSM coor(lin:ltcs  (Russc.11  aII(l Mc1’lIcmm 1973; CrookCr  Ct

:11., 1992).  ‘1’llisl)l~lstll(’olll(’.t  lw~()lllrc}l:tl}  isills(  sl]()ukc  ()][lJ)]l`.ssi( )]lJ)lL]s(l t;lj)irl~:)c() l]l(l ]cadto

sif~,tlificant  so~]tllu~iir(ll  ]i; if,llr.lic  fic.lds ill lllcsllc:lllll~’.g,iol]  tdlilld  tllc. C~h41Lshmks.

IIowcvcr,  Ilm sign of lIz, depends upm Illc sign of [hc {iSIi lIY field. (hc sign of IIy will ]cad to

#,m;ltcl  southward fields ill CiSh4 coordill:~lcs at]d [I]c ollim: sigil of IIy will dcc]c:lsc  11s. ‘1’lIus, il

is 1101  clc41 whd h (nwrall cffc.c( lni[~,l)l  lW fo] Illis Ilmch:iIlistI].

(io]Inlc.7,  et nl. (1993) h:iw  trslcxl  the cflccl of this md)anisl[l  for III;IjOI (IISFI <- 100 11’1’) and

p,rc.a[ (11s1 < -  250 D’]’) IIla:t]c(ic sto] Ins wlmc shmth fic](ls lIavc. kc]] clcal ly i(lmttific(i

(’1’su! utal]i et [ii., 1988; 199?). l;fxallij)lc.  of two c.vc.i)ls alc sl)mvl] ill l;ig[]rc 7. ];or Ihc top cvcnt,

IImi of SclItc]nlmr  18, 1979, Ilwic is vc.ry li[llc (Iiffm:tm Imlwcc]]  [tic 117, COIII]IOIICIIt in (iSh4 and

GSl;j.  ‘1’his is bccausc Ik (iSli }Iy compolm](  is vcl-y slnall and tlIc coordi[la[c,  [1’:ittsfollli:llioll”

Ilwcforc, IIas olIly a ]I]inol cffcr[ 011117,. ‘1’IIc CiSh4  117, is due. 10 tlw prcsct~cc.  of sigylific;inl  ]17, ill

(;S1:+ coo]dii]a(cs.

A  sccolid  cxainplc o f  a Ilifigllctic  stoI’111  [Ilat OCCUI”IL’(1 IIL’.:iI’ a (sl)I’;IIg) Cquitlox is showJI it] [ho

1)0110111  ])ald. 111 tl]is case, Illc cow di]lalc’.  ll:~flsfollll:itio]l”  C.ausd  11](’ field 10 k lIIorL. II()] llIwiI]  d,

actually  di]liil]isllillg llK’. s~o][ll’s itlk’llsity.

(;oI17alrz d al. (1 993) liavc suIIl]naTiml  tlwir study ill “1’atdc 1. h4:tjor storms arc liskxl ii) pari  A

(Iol)) and g,rc.al SIOHHS in par[ 11 (Iml[mli). }lotl]  IIIC l)c;ik and IIIC (Inaill phsc.)  slonn timc-

ihtcg,ratcd  1]7, ficl(is wcm colmi(icr~xi. ‘l”hcsc  117, V:IIUCS nrc SIK)WH itl both  CiSli an(i G S M

coo] tiina[m. A  positivr  lmrcci][:i~c  i[lcrcasc  ill(iic:~k:s  tilat 117, brconlcs  IIIOrC  lm~iitivc a s  h:

ficl(is art’, Iulllsforinc(i  fmtn (;S1 L to C;Sh4 coor(iil]atcs.”



. ’ [1

ScvcIal  poil](s C:III k lIotcci ill [IN ‘1’:it)lc. l;i[s[ co[]sidu (IIC I)Cilk  I{Y, V:IIIILX. ‘l’lIL: Cff(’.Cl 01 (111:

C()()ldilliltC. tt:if]sforlll:ltiot~  is I[lixcd. (4 of 9) Cvc.ll[s  inctcasc.  atl(l  ~llc O(l)c.1 hillf (5 Of 9) dC.CICaSC.

AIs() (tl~. IKHCCII1 c.ITK( is quite stI~:ill,  cotlsidcwtl)]y lCSS  (I]iltl th~~ tIliiXiI]-i(lil}  Cft’CCL  tl]iit  {~I(x)kc.I  C(

ill. (1 993)  ill(liCiltC  is possible. ([he In[lxilnut]l  Ci’fc.d occurs Whcll  ttlc fidd is cntidy  in [hc <1S1!

IIy dil~x[io]]  and whc.il tt)r. local li[llc. allows the Illag,i]clic dipole. tilt to k it] (Ilc satnc  sense as

IIIC llilt[ll’S JWtillioll ilXiS tilt). ‘Illc.l’1: ill’L> OIlly tW() CVCII(S WIICIC.  {IICI’C is il 2’ ? 0 %  CffCCt  011 tllC.

l)~ilk 117, “1’llis  is ol~ Mill~l] 10, 19-/9 (-i ? 1.()%) :II~d 011 A]JIil 13, 198 I (- ?4.4”).

(iol17.illL’7 (’[ al. hilVC illS() consi(icrd lhc lillic itl{cgltilc(i  IIY, Vaillc  it] tllc sllcalll 1 t’g,im]. ‘1’llis was

Cili  CUiiltC(i  011 lhC. prcsuillp[ion Iilitt  111(WC  ]Ilighl tW :1 “i)ril[lil]g” C’ffccl  01) tllc IIltl[:llc.l(?s] )ill:l’c.

1 lowcvm, aily such priming cffc.ct  musi hr. quite short ]ivc(i, all(i  (his inlcgrdtion  is [bus al) uIqJc.r

]illli[ to lhC C. ffCCl.  ~;ol17.itlC.7,  Cl [Il. (] g8g) ]lflVC  S}lOW1l  ~llii[ [tlC J)Cilk  SollllIW:il”d  ]]/, V[llllCS  OCCUI”S

within 1-2 h(ml-s of tlm lmak lIS’I all(i they all(i  I;cl(islcrin  (1992)  Cxliliiatc  IIlil[ lhc l“illg Current

(iCC~ly  l’a(C llCill’ [ilC. 1)(’[lk  1 )S’1’ iS ‘- 1 IIolll” 01 iCSS. ‘1’IIUS  iIltCgl’illioIl  Iiincx  Of 0]’Ily O]lc 0] two hours

i]t~, realistic. III thc. ‘1’iil)l~.,  6 of 9 CVL’IIK  :IIL~ lIC.lj KXi by tlIC ~()()rdiIlilt~.  t]’:lt]sfol]lliitiol].”  Again,

lhcrc al-c only two events with > ?0% cffcds. ‘1’hcy ale’.  tllr Scptcll”lh(v  29, 1978 Cv(’.llt  (43.?%),

:Ill(i tlic 1 ‘Cl)ruary  2.], 1979 C.vc.llt ( - 21.5%).

Wc conclu(ic tiIa[ Illc  C(]llill(Ktiiil hyjm(imsis is vali(i all(i can illflmim  }Iz,, JXll”liCUlfil”ly  fol 1110.X

causing slllnllcr  fidds related to sutxtorlns. 1 lowc.vcr,  that is no compc.lling  cwidc.]wc.  Illal (his

111 CClliiI)iSW)  Cdn c.xplnin 111(! wry l:lri:c SCil Solliil tl]o(itllat  ion of 1 )yI SIIOWII ill 1 ‘ip,ul C 5. l;O1” ilhollt

h;ilf of Ilm major aNi great S((MIIIS, il caIl i]lflucllcc lhc 117, ficlci at a 10-?0% lcvc.1 at tml, :ilI(i  it

I)oth iilC.1’(:ilSCS  illl(i  (i(XJ’t’iJSC.S  IIz, illl(i ti)C sixc Of lilC S(OI”II1. ‘J’tlCl’(’.fOl”C,  O1llC1’  IIICCllillliSil”lS  ]1111S1 t)C

Sought for this nlo(iulalioll.

Axial  1 lyjmthcsis

llCCiiUSC  of  thC litCk Of lhC cffrc[ivctlcss  O f  tllC C(]llill(Ktiill  lrlCCllillliSlll  to C1’l:ittC tllC itltc.lm

Soll[hW:ir(i  fiC](iS fol” lli:i~ol  Iliil[’,llC.liC Stol”ll)S, WC l“(:CXiiIlli  IIC tll(!  p(NSibi]iiy lhfl[ iiXial  Jl)CL]l[lIliSJIIS

ill”L’ [tl C. dolililliillt  CflllS~.  of [}li S C. ffCTt. ];O1”  thi S JlilX{lillli  Sl]”l, WC fOCll  S 011 [IIC (iii VCl f!,ilS fiC]Ci S

J’il[]l(:l’  IhiiJ]  thc shCil[}]  fic](is.

l;igurc 8 shows t}m location of five solar source rcgiolls wlm c tllc driver ~as fic.l(is froltl the

~~h4] k ])1’()({lICC({ lllii~ol”  01’ ~1’C;lt  Jll[lgJICtiC  S(01’1]”1S  [1[ }~iil”[ll. ‘]’lIC ]{l(itll({e Of lilC ]Ii{l”[]l ]lilS hCCll

Suhtraclcd  0111. 1 ‘rolli  the ] ‘igllrc  wc J1O[C [hill all of Ihc soiar sOUJ”CCS arc C]OSC to thC ]:itilll(il: Of

t]lC ]~~1’[1] dlld ]OJlgitlJ(iillill]y  ill’~’.  C]OSC 10 [I)c CCJliJ’al J]”iL’1’;({i:lll ((~M)  J)];IJIC. ‘1’lIC l) J’CVioUS]y



CJ

Icporkxl avc.mgc  angu]ar  wid[h  of {;h41is CIOSC [o Ihc SIIII o f  44” ( 1  luII({hauscn,  1993) i s

co[]sislcn[ with [ h i s  (iis[rii)ution  aiI(i tiic assutlli)ti(m  (iIa[ [Iir {~fvlli i)ioi)aga[cs  m(iialiy  outwar(i

from lim SulI. ‘I”hc atlgular  wi(i(it of the associal{’(i  siI(Kk is - ~(){’, ~()]lsj(i{:l:lb]y  t)l’Oa(iCr.

‘1’iw ot iclllali(m of tiIc ficl(i  wililii~  liK~ LiI ivcr g,as is g,cncraliy  unkII(JwI1. 1 lowLT\Tl,  for the Glscs

wiKm: liw fic](is cause it]kvm  nlagne.lic s[(mIIs, liIc fidd cxmfigut:ition  is typically of a Ili:lgnc[ic

cloud collfi~:t]l:itiol]”  (Klcill  aII(i l]uria:,a, 1 982), wlw.rc there arc large ]Ior[tl-soulil”  fic](i

cxJIIl]mIcI]ls  (i)y (icfinitim]). h4:lrutmsi]i  ( i 986) has indicatc(i  OIIC  possible ti]lt:r-(iill]cllsiot]:li

col]fig,~]i:ltiol],”  [iIa[ of a lalgc Illag]lclic  flux-  ropr.. Notins  Iimt (}IC 117, ficl(is arc not always [hc

laIg,L:st  at tim c(igcs of tiIc )Ila:,tlctic clou(i, WC. h a v e  slig,tltly altcrcxi h4atut)ashi’s  fi:urc in l;igurc

~ ‘]’~lis is a ll~~l]tip]~>, fl~lx 1()])~,  w]I~r(: {Ilc illncr  I’op(? is ll)otC. ihkwsc [11;11) tilC OUICI° OIK’.

Witil tl]is con figuI-alioI] in n]in(i, l;if,urc 1() i l l u s t r a t e s  h o w  Inagnc[ic clou(is coul(i  cause.

F,C(HilH&llC.tiC CffCCtS  ti]at all: SCMolI:llly (iCJ)CHI(iC.Ilt. (hm-(]uarlcr of li]c c(igc of a flux rope is

siI()\wI. If the slJ:tcccraf[/lt:lllll  cuts [l]tou~}l  tim ccnlcr of [hc fitlx rope (along,  tiw x-axis), Iilc }17,

vaims  arc maxilnum, 117, = 11]1. If (iIc. slIacccI  :lft/l Lar(ll cuts thmug,ll  Imil]t  (1), tlm fici(i  is c,]][irc]y

i]] tlm IIx (iircction aI)(i tlmrc will k only stIJall  g,comafgmtic  e f f ec t s . ‘1 ‘imcforc,  from this

scimnatic,  for intcmse.  gcxma~,m.tic  Stol’ll”ls,  tll(? Soia]” Cvcllt Sho(ll(i  t:ikc JkC Wh(’m lIIC ];arlh  iS

close to its suhsdar poinl. ‘1’hc, finite sim of ti~c (~Ml; dictti[cs that for substfili[ial IIz, values the

{~h41is SII(NIIC1 illtcrscct  (k I1211LII’s II I:tgIIctos])iIc.  Ic. CIOSC to its latitu(iitlnl  c e n t e r .  ‘l”hc moti(m of

[hc 1 tar[h to higher an(i ]owm” iatitu(ic.s rwar the so]sticcs idp Iilis 10 happen.

‘1’lius fal wr. llavc only  bcclI  (iiscussin~, soiaI- will(i clwrgy  trallsfcr 10 the l;arth’s lli~gliCtoS{)}]  Cl”c

when ma:nctk rcconmctio]l  (lh41; 11s) is lakit]~  p l a i n 1 lowcvcr,  IIICN is aIIothm ~mssihlc

lmchanism  for cIIcrg,y il]jc.c[iol], tilal of a viscous-like. i]l[craction. ‘1’im cxad Ilicchmislil

(Ax for(i an(i 1 ]inc.s,  1964) is I lot siw.ci fic.(1, hu~ a IIuII~imr  of III(WC rcc.cIItl  y sugg,cst possihilitic,s

cxis{.

‘1’IIc Kclvit]  IICIIIIIIOIZ  it]s[;~bility  has mnximutn  ~,r(nvti~  rate whm thr. intc.rplanctary  ficl(is am

oric]]lc(i or[hog(mall  y to tim }iatl]]’s  ficlci.  1 ‘or II()) [Ilwatxi  (iirc.ctc(i itlteI1)l:illct:lly  fid(is, timsc will

tm orthogonal to the gcolnaglmtic tail fkl(i. ‘1’his configuration also mitlitnims rcc(mncction at

tllr nlagllctopausc  I) OSL’.. WC fcd tlm( tlwsc  ty~m  of cwnts arc cxccl]cnt mm 10 cxanlit]c 10 g e t

an cs[i]nali(m  of the icvc] of cfficic.I]cy  for viscous  intcractiotl.
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1/01 pl”cssllrc )alancc  a( t}lr. lIl:lgl ll’[()]):l(ls(:, wc usc the Sprcilcr c1 al. ( 966)  rcla[ionship:

kp VJ cd 0: (m)?/8)T (1)

in tlw above cxptcssion,  k is tlw s]w.culal rcflcc[iotl  illdcx,  p tlIc solar wind density, VSw the

solar wil)(l vctoci[y,  and [1 lhc allg]c of tl)c: solar witj(i (o (t)c lllag,llcto[~:ll]sc.  normal. on lhc, right-

han(i side. of the equation, 11 i s  Ihc illagll~ctoll:i~lsc  ficl(l strctlgth and f the colnprcssional

alilplifiualioll  faclor. Wc use. [Ilc cl]lpirical]y (Irtcmninc(l  value of 1.69 for f2/k (1 lolz.cr and

Slavii], 1978). Wc also nccxl  (o cstil[]alc [hc field at the dawn and dusk nmri(iiall tl-lag[lc.tol~:lllse

(iistalw.c  relative to tlm subsolar (Iistanm.  Sibcck  ct al. (1991) from an empirical study, has found

this cxpansi(m  factor to br -- 1.1. WC will usc this I)llmbcr ill our calculations.

Wc also need al) cxprc.ssi(m for tlm ctlc.lgy  dissipatiotl  within the t[~:i~tlc[os[>l~crl’..  “1’hc Akasofu

(198 1 ) c.xprcssion  is

~+’ ~ L]() ‘1 []/j + [)J (2)

wlIcrc Uq k the total  CtICl-gy  input it]to the II):l{:tlctosl)l)crc  whic]l is comp(md  of the ring Cul”mrit

il]jwti(m  cncxgy (LIo), au ro ra ]  parlic]c ])rccipi[ation  (LJA)  and  joule  hc.atins  (LJJ).  Akasofu

cJnpirically  foulid  that IJ,A -- 1 x l(lls AIL (]]’1’) ergs s-l ad IIJ was twice this valm.

‘] ’abk! 2 ~iV(’S llIC S()]al Wild (Itl(fl fol” ] ] })N CXV)ts j(klltifid by {hJIZ.alCZ and “1’s[llllt~llli  (lg86).

All of these events were associated with hi~h spd strcalns (Iurillg and Iwar solal Inaxilnutn.

“1’hc Colull)lls, from ICft-t(brif,llt, arc tl]c dalr. of the cwcnt,  (tic peak IIN value, the duration of tlIc

CVCIII in hours, tlm peak magnetic fidd lnagnitudc of the event, the. Magnct(mnic  Mach number

(if d shock was present), tlm lfig tiIIIC of the peal ]\N rc]ativc 10 the solar wind event onset, lhc

Al; va]uc  during  the event, t}w IJsq va]m (R indicates rccovcry phase), the solar wind vc]ocity,

proton” density, helium dcnsit y and Ihc 1 h41’ IIy values.

in ‘1’ab]c 3, tlm values ill “1’able 2, aw md (0 COllij)utc. solnc. p]lysical  J)aralnctcrs. Colutnn  2 is the

nlagllctic f ie ld  J]i:ignitu(k  at tbc lIIagtIc[opausc n o s e , calculated from the ]Ncssutc  balance

cx])lcssion  given in c(]uati(m (1). Col LImn 3 is tlm calculatc(i  arcxi of the Ill:]~I~cl[)s]J}lcIc,  column

4 ttw solar wind cnctgy flux (Icnsi(y, and cwlulI]n  (5) the mugy  ilnpillgitlg  on the IIliigtlctosl)llcrc

in ergs s-]. ]n comparison, colutnn 1 of ‘J’al)lc  4 ~ivcs the lllz~g,[~c.tosl)}lcric  energy dcjmitioJl

takcl] from cxjm.ssion (2). “l”hc scconci  colulnn of ‘1’able, 4 is the efficiency of solar win(i energy

[1 ansfcr. ‘1’ypical  nUIIIbCI-S am 1 - 3 . 5  x  lo-~. ]n conlparisoll, for magnc(ic storms, wlw.rc
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reconnection is lhc rll~:(l{)tiliti:lill  process, II]{’ efficiency is shout 1 ()%, or almost  50 time.s tIIorc

cfficicll[.

CONCl lJSloNS

Wc have atkmp[cd  to give the I cadcr a brid summaty of what wc cuwcnll y know about  the solar

an(i it~[crj]lanc(ary camcs  of nlagm.tic  storms. ‘1’here arc still quite a fcw voi(is in our knmv]cxigc

aII(i ihus  l i m i t a t i o n s  in out al-)ili[y  to prcxiid  swh crvmts tmcxi on solar otmwations  almc. We.

hc.licvc [iIal wi(ilii)  Iim lIcar fululc [iIcrc~ shoul(i tw tn:ijor a(iV:Il)CCII-ICll(S  in our Llt)(icrst:tll(iiiljl  of

storllls  an(i tlm cvcnlual  ability 10 pr~’xiict  thCIli in a quan[ilalivc  fashim.
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lN”l’I-NSF,  S’1’C)IUVIS (-220 n-i’ < peak Iht <-100  n-l”)

.-
}{.vl!.N”l’-

ALI&, 28, 1978
SCp. 29
Nw. 25
I’CL). 2:1, 19-/9
Mar. 10
Mm. 29
Apr. 4
Apt, 25
Aug. 2.9
Scp, 18

lIZ

GSI’4 (11’1”)

-22.0

-26.0
-16.2
-14.1
-12.4
-9.7
gap
gap

-13.8
-19,3

~3i_. .-

~Sh4 (rl”l]_

-?4.5
-22,1
-17.0
“-15.7
-1s.0
-10.9

-1?.1
-17.4

GIWA’l- S1”C)RMS (pink Dst <-250 nl’j

[
““ EVLN-l’ .“ ‘W-“

} ‘------ 
‘- ‘---

lkc. 19, 1980
Apr. 13, 1981
JuL13,1W2.
Sep. 6,1982
I’cb. 2,19S6

. .

.
liz-” ””” ‘“ BZ

QS[’, (r{l’) GSM @:~_

-14.1 -15.0
-30,7 -23.2
-35,4 -34.5
-2.().8 -20.3

u[mrtai[l

. . . . . . .—— 1 ._.. –. . . . .

Iricrculcrlt
(y). . . . .

11.4
-15.()

4.9
11.3
21.0
12.4

-12.3
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lncrcnlcnt
(YA.—. — —_
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-24.4
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q s-l t’ffick’llcy

1. ---

2. 2.2 x lol~
?. . 2.2 x lol~

4. 6.(IX lol~
5 9.0 x 1o11. .

6. ---
7. 4.5X lol~
8. 1.1 x lol~
g. 3.3 x lol~
10. 1.1 x lol~
11. 3.OX 101’/

.-.

1.() x lo-~
?.? x lo”~
3.() x 1 ()-~
2.0 x 10-~

-..

3.4 x lo’s

1.3x lo-~

l.’/ xl~’~
1.1 x lo”~
2,1 x lo”~


